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Effects of high-intensity ultrasound on Bi »Sr,CaCu,0g,, superconductor
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Slurries of powdered B5r,CaCyOg,, (BSCCO-2212 superconductor in high-boiling alkanes
were irradiated with intense ultrasound. Significant enhancements of magnetic irreversibility as well
as transport critical current are reported. The effects are dependent on the concentration of the slurry
and are optimal for 1.5 wt % slurry loading. Electron microscopy shows that ultrasonic treatment
leads to a change in grain morphology and intergrain welding. The observed enhancement of
superconducting properties is consistent with the limitations in critical currents in BSCCO
superconductor being due to intergrain coupling rather than intragrain pinning stren@®04©
American Institute of PhysicgDOI: 10.1063/1.1808500

High  transition temperature  superconductors—tergrain coupling. The method has been tested on MgB
YBa,CuO7-, (YBCO) and BLSKLCaCuyOg,, (BSCCO-  perconductor. The irreversible magnetic properties of gB
2212 remain most studied and potentially useful membershowever, are mostly determined ragrain pinning forces
of the cuprate familf/.‘5 The bulk polycrystalline form of and the effect of ultrasound was to improve its reversible
these ceramic superconductors is usually considered fqroperties. Polycrystalline Bsr,CaCyOg,, (325 mesh,
large-scale practical application(e.g., after being formed <44 um diameter; Alfa Aesgrwas ultrasonically irradiated
into wire9. Therefore, significant effort has been devoted toin 20 mL of decane for 120 min at 263 K under an argon
improving their magnetic irreversibility and transport critical flow (20 mL/min) using a direct-immersion ultrasonic horn
currents’ It is generally agreed that in YBCO these proper-(Sonics & Materials VCX-750 at 20 kHz~50 W/cnf).
ties are mostly determined by the intragrain pinningSlurry loadings in the range of 0.5 to 10 wt % were used.
parameters.In BSCCO, on the other hand, intergrain cou- Resulting ultrasonically treated powders were collected by
pling limits supercurrent floW.New methods are therefore filtration, washed with dry pentané0 mLx5), and air-
needed to enhance intergrain coupling in BSCCO and imdried overnight. Dry powders were pelletized at room tem-
prove its irreversible magnetic properties. In this letter, weperature at a pressure of 2 GPa for 24 h with an average
report sonochemical modification of grain morphology andsample mass of~70 mg. Subsequent sintering was per-
resulting improvement of the intergrain coupling in polycrys-formed in a box furnace at 850 °C in air for 48 h, followed
talline BSCCO-2212 superconductor. It was found that forpy the quenching to room temperature. In order to compare
moderate slurry loading, irreversible magnetic and transporgur observations with other studies, we have used here a
properties are significantly enhanced. standard annealing procedure. We note in passing, however,

Recently, we developed a method of sonochemicathat the properties of the sonicated powders can be even
modification of granular Mg@superconductor‘%.ln liquid- further optimized by changes in their handlifgg., longer
powder slurries irradiated with high-intensity ultrasound, sintering times
acoustic cavitation induces turbulent flow and shock waves.  Scanning electron micrograpliSEM) were taken on a
Implosive collapse of bubbles during cavitation results inHitachi S-4700 instrument. Samples were additionally char-
extremely high local temperatures5000 K, and pressures, acterized by powder x-ray diffraction and localized energy-
~300 Mpa/~ and the shockwaves launched into the liquid dispersive  x-ray spectroscopy. SEM images of
create high-velocity collisions between suspended soli®i,Sr,CaCyOg,, powder after ultrasonic irradiation, Fig.
particles’™***The estimated speed of colliding particles ap- 1(b), show intergrain fusion, grain rounding, and greatly ex-
proaches half of the speed of sound in liquid. Effective tem+tended interconnection, compared to the starting material
peratures at the point of impact can easily exceed meltinghown in Fig. 1a). These morphological changes are caused
temperature of most materials. Ultrasound-induced interpamy partial melting of individual grains upon interparticle col-
ticle collisions are therefore capable of producing localizedisions. The observed modifications of morphology are con-
interparticle _melting and “neck” formation between sjstent with the changes in MgBeported earlie?. Subse-
particles>'***This leads to significant improvement of in- quent sintering and annealing results in compact material

with much better intergrain coupling in pellets prepared from
author to whom correspondence should be addressed; electronic maifonicated material, Fig.(d), than from unmodified initial
prozorov@sc.edu powder, Fig. {c).
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FIG. 3. (Color onling Effect of ultrasonic treatment on BSCCO slurries of
FIG. 1. Scanning electron microscope imageé&pinitial powder;(b) dried various loading, indicated by wt % and arrovissetshows critical current
powder after sonication of 2 wt % slurry loadingg) sintered pellet made  density calculated &t =2000 Oe.
from initial powder;(d) sintered pellet made from sonicated material.

. ideal initial susceptibility 4ryy_o=-1. We stress, however,
Transport measurements were performed by using thg,at since our samples had very similar dimensicasd
standard four-point technique. Resistivity curves, normalizeqherefore’ very similar volumes and demagnetization fac-
by the room temperature values, are shown in Fig. 2. Imporgrq raw data show the same trends as reported for normal-
tantly, the onset of superconductivity and steepness of thg e quantities. The normalization was used to extract critical

transition _in _sonicated BSCCO remained _practically UN-cyrrent densities using Bean model for a long slabvofb
changed, indicating that observed morphological changes digyss_section

not affect bulk chemical composition of initial polycrystal-

line material. Magnetic measurements were conducted by us- j [A cm™2] = 40m[G]/w[cm]/(1 —w/3b),

ing Quantum Design MPMS magnetometer. For magnetic

and transport measurements, samples were cut into slabd1€reb=w. _ o

from the central part of sintered pellets, with all at similar  Figure 3 shows normalized magnetization loops mea-
sizes, ~5X 2% 0.5 mm. All reported measurements were sured for samples of different slurry loading and for the ref-

performed with the magnetic field oriented along the longEr€NCce sample. There is a clear enhancement of magnetic
side of a slab in order to minimize the influence of demag_lrreversmlllty in the entire range of magnetic fields for mod-
netization. To avoid uncertainty in sample comparison, mag€'até slurry loadings. For larger slurry loading, however,
netization curves were normalized by the initial slope,Properties deteriorated. This is as expected, since large slurry
|dM/dH|,y_o=V(4m(1-N))"* whereN is the demagnetiza- loadings lead to inefficient low-speed collisions, which only

tion factor andV is the sample volume. At higher magnetic result in deterioration of grains surfaces. The inset shows
fields the material is characterized by some magnetic susce [it?cal current density evgluatgd fr om normalized magnet-

tibility x(H), and total measured magnetic moment is give ation at 2000 Qe. There IS a S|gn|f|qant_ enhancement. of the
by M=yHV/(1-N). The volume of a superconducting frac- critical current density~40%) for sonication of 1% slurries

tion and the demagnetization factor are known only approxipomlparedttr? the ?orflsomca.ted, |tn|t|al matetnali_
mately. Normalization by the initial slope givesmM(1 N another set of experiments, magnetization was mea-

—-N)/V=4myH=4mm. This has the clear meaning of volume sured in a fixed 10 kOe magnetic field at various tempera-
o : o tyres. To obtain each point, magnetic field was ramped up to
magnetization expressed in gauss—a quantity independent ét) kOe and then reduced to 10 kOe to measure magnetiza-

V and N, and representing behavior of an infinite slab W'thtion on a descending branch of thé (H=10kO8 curve.
Then the magnetic field was ramped down to a negative
0.8 ' T T T ' 30 kOe and increased back to +10 kOe, whevie(H
— o — not sonicated .
» =10kOg was then measured. This procedure was repeated at
—eo— 10 %wt . .
each temperature shown in Fig. 4.

o6 The advantage of using this method is the ability to es-
< timate irreversible part of magnetizatiol,,,=(M,-M)/2.
=) 0.4 This is a reliable way to estimate the critical current density
@ from irreversible magnetization. Results, shown in Fig. 4, are
g 0.2 consistent with Fig. 3 and indicate that observed enhance-

ment of magnetic irreversibility persists over the entire tem-
perature range. Moreover, the enhancement of critical current
density at 77 K is about 60%: 55 kA/d&nmor sonochemi-
cally treated sample versus 35 kA/€nfor nontreated
sample.

THK) In order to convincingly demonstrate the enhancement
FIG. 2. (Color onling Resistance superconducting transition curves normal-pf true critical Cu,rrent’ transport properties must be exam-
ized by the room temperature value as a function of wt % slurry loadingin€d. The comparison of voltage—current characteristics mea-

during sonication. sured in reference and sonicated samples is shown in Fig. 5.
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FIG. 4. (Color onling Irreversible magnetization measured at 10 kOe at
various temperatures for samples of different slurry loading as described i
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known current density distribution throughout the sample.
Nevertheless, the ratio of the threshold currents is in a good
agreement with the magnetization data, with an enhancement
of about 60%.

In conclusion, it is demonstrated that high intensity ul-
trasonic treatment of slurries of the high-superconductor
BSCCO-2212 produces material with significantly enhanced
intergrain coupling. This method is effective for moderate
slurry loadings. Our results outline a generalizable new di-
rection for the improvement of irreversibility in ceramic
superconductors.

Discussions with V. Geshkenbein, A. Gurevich, A. Poly-
anskii, and V. Vlasko-Vlasov are greatly appreciated. This
work was supported by the NSF-EPSCoR Grant No. EPS-

the text. Right axis—critical current density evaluated by using Bean model0296165, a grant from the University of South Carolina Re-

search and Productive Scholarship Fund, and the donors of

There is a clear enhancement of the threshold value of th'€ American Chemical Society Petroleum Research Fund.

applied current. Since thick samples were ugbé same as

The SEM study was carried out in the Center for Mi-

for the magnetic measuremeptthe absolute value for the croanalysis of Material{UIUC), which is partially sup-
critical current density is impossible to estimate due to un{orted by the DOE under Grant No. DEFGO2-91-ER45439.
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FIG. 5. (Color online V—I characteristics measured in refereriiedt line)
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enhancement of critical current is estimated about 60%.
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